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In  conducting  the  research  reported  here,  the  investigator 
adhered  to  "Principles  of  Laboratory  Animal  Care"  as  eitab 
Halted  by  the  national  Society  for  Medical  Research. 
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4BS1MCI 


Two  variant,  of  Bf ft  Valley  fever  virus  have  been  isolated  that 
differ  fros  each  other  in  plaque  alee.  The  biological  character¬ 
istic*  of  these  isolates  have  been  investigated  in  vivo  and  in  vitro 
The  eise  of  both  varianta  Inoreaa-d  when  DEAS  derttran  wag  added  Co 
the  agar^ over  lay .  The  plaque  size  of  bath  variant*  was  equally 
reduced  by  low  concentrations  of  sodium  bicarbonate  in  the  overlay 
although  the  iafectivity  vss  not  affected.  Compared  with  the  large- 
plaque  virus,  the  snail-plaque  Isolate  was  more  readily  adsorbed, 
more  stable  at  56  C,  grew  faster,  and  had  a  higher  virus  yield  from 
menu layers  of  mouse  fibroblast  cells.  The  large-plaque  virus 
required  100  times  more  plaque -forming  unite  to  kill  mice  by  the 
lntraperltonea 1  route  of  inoculation  than  the  small-plaque  and 
alao  produced  a  delay  In  death  of  the  Inoculated  mice. 
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I.  I NTS  ODUCTI Cf  1 


Rift  Valley  feyer  (RVF)  virus  has  been  propagated  end  aseayed  In  a 
variety  of  call  culture*.1  In  the  plaque  assay  of  this  virus,  plaquea 
of  varying  sicus  wars  ohaa>y**d  in  titrations  of  virus  either  frelcn  or 
after  passage  in  souse  fibroblast  cell  cultures.  Two  variant*  wei  < 
selected,  based  upon  plaque  site,  and  ware  dealgnated  aaal 1 -plaque  (SP) 
and  large-plaque  (LP)  variants.  This  report  deals  with  sows  of  the 
characteristics  of  chase  isolates. 


II.  MATERIALS  AND  METHODS 


A.  TISSUE  CULTURE 

The  mouse  fibroblast  (MFL)  cells  used  In  these  experiments  vers  similar 
to  the  L  cell  in  morphology,  karyology,  and  antigenicity.  The  l&edL'ta 
employed  la  these  culturea  waa  Medium  1993  containing  10%  calf  aerum. 


B.  VIRUS 

Serum  obtained  during  the  viremic  , aase  of  RVF  virus  Infection  of 
young  land? s,  hereafter  called  infected-lamb  serum  (LS)  virus,  was  the 
seed  stock.  This  virus  was  pasoed  three  times  In  the  MFL  cells  and 
designated  TO.-  The  plaque  vsrliui.*  were  selected  from  the  assay  of 
this  third  tissue-culture  passage  on  the  basis  of  size.  Each  variant 
was  plaque-purified  four  additional  time*  in  HFL  cells.  The  LP  and 
SP  viruses  were  passed  a  total  of  five  and  six  times,  respectively, 

In  MFL  cells. 


C.  PLAQUE  TITRATION 

The  plaque  assay  method  employed  was  a  modification  of  that  described 
previously.3  Two-ounce  prescription  bottles  were  Inoculated  with  5  ml 
of  suspension  containing  500,000  HFL  cell#  per  ml.  After  24  hours,  the 
monolayers  were  washed  and  Inoculated  with  0.1  ml  of  an  appropriate  virus 
dilution.  Follcwing  a  i-hour  adsorption  period  a  primary  agar  overlay 
was  added  consisting  or  Medium  199,  iZ  Noble's  agar,  20%  calf  serum,  and 
0.01%  DEAE  dextran.  Three  days  later  the  second  eger  overlay  was  added 
that  wes  identical  to  the  first  In  composition  but  also  contained  0.007% 
neutral  red.  Plaques  were  visible  1  day  later  but  were  enumerated  and 
measured  2  days  later. 
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D.  HOUSE  ASSAY 

Tin  /Itue  titrations  in  mice  (Swiss -Webster ,  10  to  14  g)  were  carried 
nut  by  the  intraperltonea 1  (if)  or  by  the  intracerebral  (IC)  routes  of 
inoculation  end  endpoints  we  re  expressed  ae  HIPLDm  and  MICLDr*  respectively. 


E.  TUBE  TITRATION 

The  tube  Cltrai lou#  of  EVF  virus  in  MFL  cells  were  performed  with  a 
serum- tree  maintenance  medium  that  has  been  described  previously.3  The 
endpoints  ware  expressed  as  tha  median  dose  producing  a  cytopathlc  effect: 

(CPEDjo)  • 


III.  RESULTS  AND  DISCUSSION 


The  parent  tissue  culture  virus,  TC,  produced  plaquea  under  agar  with 
diameters  varying  between  1  and  6  taa.  These  plaquea  were  visible  prior 
to  staining,  but  only  the  larger  plaquea  could  be  enumerated.  The  plaque 
variants  were  picked  from  the  double  agar  overlay  5  days  after  the  cells 
were  Infected.  Tha  laolatas  were  »e lee ted  from  each  of  four  additional 
passages  and  each  continued  to  bread  true.  Both  the  large  and  small  plaquea 
were  clear  with  sharply  defined  borders. 

Both  variants  exhibited  a  cytopathlc  effect  In  MFL  cells  as  well  aa  In 
primary  chick  embryo  fibroblast  cells.  Infected  cultures  showed  cytoplasmic 
swelling,  rounding  or  the  cells  with  subsequent,  lysis,  and  sloughing  of  the 
cells  from  the  glass.  Homologous  antisera  prepared  In  mice  and  lambs  neu¬ 
tralised  the  corresponding  plaque  variant  as  well  as  antisera  prepared 
against  the  parent  tissue-culture  virus.  Calf  serum  known  to  contain 
antibodies  against  EVF  virus  neutralized  both  variants. 


A.  SIZE  A HD  DISTRIBUTION 

The  size  distribution  of  the  variants  i*  shown  in  Figure  1.  The  diameters 
of  the  plaques  of  the  SP  virus  ranged  from  1  aa  to  3  mm,  with  a  mean  of  1.5 
am.  The  plaques  produced  by  the  LP  virua  ranged  in  diameter  from  4  to  7  sat, 
with  a  mean  of  5.6  am.  Continued  incubation  at  37  C  resulted  In  Increased 
size.  The  IJP  plaques  reached  10  to  12  mm  8  days  after  Infection,  The  SP 
plaques  never  enlarged  beyond  a  diameter  of  3  mm. 


B,  AD? OB  IT  TON 


An  examination  of  the  adsorption  rates  of  these  variants  revealed  what 
Is  probably  the  Boat  significant  factor  In  explaining  the  difference  In 
growth  rates  and  yields  o£  yirui'  from  la  let  led  cell  SMoUjeis.  Table  1 
shows  that  THOslmim  adsorption  of  the  SP  variant  occurred  within  30  minutes, 

Li.a  1  ..  A  fl.  <  ~  J  hW  a  T  D  vt  •  a  tis<4  |>n*ei  n  Am  f-i  »>K  a  A  4tty  4  -r**w  f-Vi  n  m  news  a4 

put  wtt  k  y  wtl  <s  Lu  1  r  u  w  a.  was «-  ass  «  it  ua  a  *«*«  *-*s  »*£»-*  mt^ki  #v»  4*  Cu  whm»x.  .  t.»»  «  —  ■  ■  f-  *- »  < 

Tits  DP  vires  required  So  minutes  for  esyslrum  adsorption,  and  this  longer 
adsorption  period  may  account  for  the  decreased  number  of  plaques.  These 
findings  are  similar  to  those  reported  by  Nagai  and  Hanson  with  Japanese  B 
encephalitis  virus.4 


TABLE  1.  EFFECT  OF  ADSORPTION  TIME  ON  THE  HUMBER 
OF  PLAQUE  VARIA1TS  OF  RIFT  VALLEY  FEVER  VIRUS 


Virus 

Adsorption  Time, 
minutes 

Number  of 
Plaques 

Small -Plaque 

15 

34 

Variant 

30 

42 

60 

42 

90 

41 

120 

40 

Large -Plaque 

15 

8 

Variant 

30 

12 

60 

24 

90 

37 

120 

35 

C.  EFFECT  OF  BICARBONATE  CONCENTRATION 

The  Influence  of  varying  the  concentration  of  Bodlum  bicarbonate  In  the 
agar  overlay  was  examined  with  each  of  the  variants.  Bicarbonate  concen¬ 
trations  employed  varied  from  0  to  2.8  g/llter.  The  results  (Table  2) 
showed  that  the  plaque  alee  of  both  variants  decreased  as  the  bicarbonate 
concentration  decreased.  Although  the  n usher  of  plaques  produced  by  tne 
LP  virus  was  not  affected,  the  mnber  of  SP  plaques  was  reduced  with 
diminishing  concentrations  of  bicarbonate.  This  reduction  In  the  masher 
of  SP  plaques  may  have  been  due  to  a  decrease  in  plaque  size  beyond  the 
limits  of  visibility. 


UL 
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TABLE  INFLUENCE  OF  SODIUM  BICARBONATE  COKCEiSTEATiaii 
OH  SIZE  AMU  ilifiti  OF  FLACJUE  VARIANTS 


Concentraf 1  rm 

in  Overlay, 
graraa/liter 

Ti ter— ^ 

Average  Sire,  mm 

Small  Plaque 

Large  Plaque 

Small  Plaque 

Large  plaque 

2.8 

8.0 

6.7 

1.5 

5.6 

1.7 

7.8 

6.8 

1.2 

3.6 

1.1 

7.9 

6.8 

1.0 

3.0 

0.3 

7.5 

6.8 

0.5 

2.5 

0.0 

7.6 

6.8 

0.5 

2.0 

«.  Logio  PFU/al- 


D.  EFFECT  OF  AGAR  INHIBITOR  ON  PLAQUE  SIZE 

Report*  earlier^*®  showed  that  some  mutants  of  encephalomyocarditls 
virus  and  poliovirus  were  affected  by  a  polysaccharide  inhibitor  in  agar 
toat  resulted  in  the  production  of  email  plaques.  Later,  it  was  reported 
that  the  plaque  diameter  of  one  type  of  western  equine  encephalitis  virus 
was  increased  by  the  addition  of  diethylaminoethyl  (DEAE)  dextran  to  the 
agar  overlay  medium.7 

lo  determine  the  effects  of  the  agar  polysaccharide  on  these  plaque 
variants  of  RVF  virus,  various  concentrations  of  DEAE  dextran  were  added 
to  the  agar  overlay.  The  results  of  these  experiments  are  shown  In 
Table  3.  Both  the  size  and  number  of  plaques  produced  were  reduced  in 
the  absence  of  the  dextran.  A  concentration  of  at  least  100  ug  of  DEAE 
dextran  per  ml  of  overlay  medium  was  required  for  maximum  size  and  number 
of  plaques  observed  with  both  variants.  Unlike  sr '£  viruses,  the  large  - 
plaque  variant  was  as  sensitive  to  the  inhibitor  in  agar  as  was  the  small- 
plaque  variant,  and  both  variants  produced  larger  plaques  with  the  addi¬ 
tion  of  DEAE  dextran. 


E.  HEAT  STABILITY  / 

The  heat  stability  of  each  variant  was  examined  and  compared  with 
that  of  the  parent  TC  virus.  Virus  suspensions  were  prepared  in  a  scrum- 
free  maintenance  medium4  with  a  final  pH  of  7.6.  The  suspensions  were 
placed  in  a  56  C  water  bath  and  at  various  intervals  samples  were  removed 
and  chilled  in  an  Ice  bath.  The  samples  were  assayed  by  the  plaque  tech¬ 
nique  and  the  results  are  shown  in  Figure  2. 
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The  stability  of  the  parent  TC  virus  and  the  SP  virus  appeared  to  be 
comparable  afeer  tne  first  30  minutes .  The  Initial  Inactivation  of  the 
TG  virus  was  rapid,  suggesting  a  heterogeneous  population  of  virus  in  terms 
of  thermal  stability.  The  rate  of  inactivation  of  the  LP  variant  was 
greater  than  that  of  the  others  tested  but  the  Inactivation  curve  sug¬ 
gested  a  rather  homogeneous  population. 


F.  CRCWTH  OF  VARIANTS 

Growth  of  each  variant  was  studied  by  inoculating  MFL  cells  with  a 
multiplicity  of  10,  The  virus  was  allowed  to  adsorb  for  2  hours  at  37  C, 
after  which  fresh  medium  was  added.  At  2-hour  Intervals  infected  cultures 
were  removed,  frozen  and  thawed  twice  prior  to  plaque  assay.  These 
results  are  shown  In  Figure  3. 

Both  variants  had  a  6-  to  8-hour  lag  period.  The  SP  virus  replicated 
more  rapidly  and  yielded  a  higher  final  Liter,  probably  because  of  Its 
greater  efficiency  of  adsorption.  The  reduced  adsorption  rate  and  thermal 
lability  of  tne  unadsorbed  LP  virus  undoubtedly  resulted  in  a  lower  effec¬ 
tive  Inoculum  multiplicity  of  this  virus  as  compared  with  the  SP  virus. 


G.  INFECT IV ITY 

The  SP  and  LP  variants  were  compared  with  the  TC  parent  and  LS  viruses 
by  intraperitonea 1  (IP)  and  intracerebral  (IC)  Inoculation  of  mice  and  by 
their  capacity  to  produce  a  epe  and  form  plaques  on  MFL  cell  monolayers. 

The  relative  infectlvity  of  the  four  viruses  is  shown  in  Table  4  as  ratios 
of  the  PFU  endpoint  to  the  mouse  testB  or  epe  titers.  By  IP  Inoculation 
of  mice  the  LS  virus  was  the  ooat  virulent  and  the  LP  virus  wee  the  leest 
virulent.  Ey  that  test  the  SP  virus  wbb  100-fold  higher  in  virulence  than 
the  LP  variant.  Similar  findings  were  seen  by  IC  inoculation  of  mice; 
however,  the  SP  virus  showed  only  a  50  fold  increase  in  virulence  compared 
with  the  LP  virus.  All  four  strains  were  comparable  in  their  ability  to 
cause  a  epe  in  tube  cultures  of  MFL  cells. 

Further  evidence  for  the  reduced  virulence  of  the  LP  virus  was  shewn 
in  the  delay  of  death  of  infected  mice.  To  eliminate  the  possibility  that 
variable  doses  might  invalidate  the  comparisons,  the  variants  and  TC  virus 
were  appropriately  diluted  so  that  each  mouse  inoculated  received  200 
MIPLD50  doaes  by  the  IP  route.  The  number  of  deaths  occurring  on  each  day 
were  recorded  and  are  shown  in  Table  5.  Similar  results  have  been  obtained 
repeatedly  with  different  cell  passages  of  the  LP  virus. 


Grcwth  of  the  Variants  of  RVF  Virua 
In  MFL  Cells. 


inillir|in:i!innnuil:iii|^i|i,|'i''  ':iiiHiniiiiii!|i!1:,r 
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TABLE  4.  RELATIVE  INFECTCVITY  0?  THE 
r AREN'T  (TC)  and  plaque  variants 
OF  RIFT  VALLEY  FEVER  VIRUS 


Titer  Ratio 

Virus 

sr 

LP 

LS 

'£0 

PFU 

5,4 

7.2 

9.1 

7.8 

PEU/MIPLDjo 

8 

800 

0.08 

8 

PFU/MICLDjc 

0.5 

25 

0.02 

6 

PPU/CPED* 

1.2 

1.2 

1.0 

1.2 

TABLE 

WITH 

5.  CUMULATIVE 
THE  PARENT  (TC) 
OF  RIFT  VALLEY 

MOUSE  DEATHS  OBSERVED 
AND  PLAQUE  VARIANTS 
FEVER  VIRUS^/ 

Days 

Post  infect  ton£./ 

TC 

Virus 

LP 

SP 

1 

0 

0 

0 

2 

7 

0 

10 

3 

24 

6 

27 

4 

30 

23 

32 

5 

31 

30 

3? 

6 

31 

32 

32 

7 

31 

32 

O 

J4. 

mean 

day  of  deaths 

3.0 

4.2 

2.8 

a.  200  MIFLDjo  doses. 


b.  Inoculated  by  intraperitoneal  route. 
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Although  these  variants  were  isolated  only  cm  the  basis  of  their 
difference  in  plaaue  size,  these  results  suggest  that  the  isolates  are 
true  variants  of  RVF  virus  and  not  the  result  of  components  such  as 

inhibitors  that  are  in  the  test  systems.  Furthermore,  unlike  previous  i 

reports"  of  the  reduction  of  plaque  size  associated  with  attenuation  i 

of  some  viruses,  the  small-plaque  isolate  of  KVF  virus  was  more  virulent 
than  the  large-plaque  iaolate.  ' 

i 
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